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This invention relates to processes for the 
assembly of three-dimensional structures having 
periodicities on the scale of optical wavelengths, 
and at both smaller and larger dimensions, as 
well as compositions and applications therefore. 
Invention embodiments involve the self assembly 
of three-dimensionally periodic arrays of 
spherical particles, the processing of these arrays 
so that both infiltration and extraction processes 
can occur, one or more infiltration steps for these 
periodic arrays, and, in some instances, 
extraction steps. The product articles are three- 
dimensionally periodic on a scale where 
conventional processing methods cannot be 
used. Articles and materials made by these 
processes are useful as thermoelectrics and 
thermionics, electrochromic display elements, low 




dielectric constant electronic substrate materials, 
electron emitters (particularly for displays), 
piezoelectric sensors and actuators, 
electrostrictive actuators, piezochromic rubbers, 
gas storage materials, chromatographic 
separation materials, catalyst support materials, 
photonic bandgap materials for optical circuitry, 
and opalescent colorants for the ultraviolet, 
visible, and infrared regions. 
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2 30nni RtXl90nm it ft ^ - X <D * - ;i> tt , f tl?n*ft*Py^ f 'J-J!S^ 

b , 13. 9, 18. 5& ££25. 8m J / if 7A<Z)^ffil$:4A§o CI <B ^ ffi |g tt . tt » * /1 

-;i/*i6#35^EetA-;mi6#i:»ffts:ti:ioT, * fc tt R * - 

HiT^S. Sttftl^<Tfe, 2 80nm (7)SiO J J*^(7)7n<7)^>7'U-h^^ — X 
HT( *J(B9!lC»^TE«l/fc7x/-^«l»*ftl»/Si0i »ffi«BfcioT 
■t* L fc ) ES*^-iHcHbT 390B'/y5A©«iB«( *«*p->^ h U-) 

**L/^»«*7?»S. :ft5©8*ol«ttli#«l:I<, B.oj£^*Bf** 

<0 . fetAtfx-/^-n>7 f >*R«?S»*a«#«ftffl©«S. « « ft * « - 

— *£gffi«<&jE^R5ft£teffl^£#ftKHt"£R.H.Baughinaiu Synthetic Met 
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als 78#, 3 3 9 H(1996 » B. K. M i remad i & ZS K. Co 1 bow, Sensors and Actuat 

ors B 46^ ( 1 9 9 8 ^) ft # BB S ft & V* ] • M « <D m ffi <D &i M V> * H * ft *t 10 £ * 
3cDlC-&WtC<£ffl£ft£#ffi( fc<hx.tf. 3K«SttflS. n ft fls ft * ft KOH iS 

©*DSfflftifiD$ii:SCDtfe»je"C*So * CD «fc 5 ft: * , D.F.Quinn ft t£ J . 
A.MacDonald CDCarbon 30#, 1 09 7M ( 1 9 9 2 , P. N . Aukett £ CD Carbon 30# 

» 913 H( 1 9 9 2 v Rt^R. Y.Lin ft tX J. Economy GDApplied Polymer Symposiu 

m % 21#, 143 SC 1 973 \Z £ Y) IB ft $ ft T ^ <5 . X ^1 ffl i 0 u n ^ 0 ^ 

[ 0 0 5 8 ] 

o f ©i5&l»l:BLt}i, 2 eV* «c&tt*H»ftfc^»»j&*afc#£LV> 

^^^>HH-7 p ^^^^^>Hft^ffi-r^>i:^^^^-i?^^o (m^^cmfflcD 

# W ft J* $1 ft tfK S © # JHH K ^ ^ T (2 , Underwood £ [Applied Physics Le 
tters , 73#, 405 JC(1998 ft Z$ # # X IK ] fe#RStlft^, £ ft E> CD |W| — 

/t-*tiotfi«ihj!:(HBftil#fl)*Ift«)Bbt^*. £ ft b <£> 7 
-^V-^LTte, — ;i/Ra»«iS#:tC^^T^/X^r-;i/© Bf (break 
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gS*¥ffl*«Xj$#IC*fLT¥ffTS65J;3l:t5^tT$5. -€■ © «fc 3 75: it « 
* H JS -T -5 ^ & \z -z> ^ X it . A. van Blaaderen S (Nature 3 85 321 K 



. 1 9 9 7^) MtflCfflfflOf tCioTJStSntf fto 


V {gjt CVD 












v & mm -r s - 




HJ;oTXy^>^l:J;Oiit§o #c s i 0i a* # £ x y > 


^ ( fctAtf, 




SlHFifctt^lftSSflEffl) tSt, SiO. ##<07C©tt«fc«3 




n 


*no»ft©«Oflt) tHjfift/htlSf^aS. S i 0, £* # <D 








. £ £ tt Z. <D & 










, S: 2 CD D/d 7&* 1 . 1 5 5 lH IiJ % M f Z> \Z M ft T 0 f£ & £ CO It % 


£ t> ^ 0 d ffl 


* 


£ # K » £ U ^ K * <B * ffi & , **te*ffi£J#'^i> r 'f^ : e>K 






>H(^lJS^#CDsp J KS^Ittt^4A5) . y-f^^:>H 


m m m & « h - 




ffc ^ *f ^ t > H ( »fc«*H-:/fl5#*> t & £ e 






[ 0 0 5 9 ] 






( *¥(pI«SRtf>t*ir>itfflji^) # JB & 4* te , if n SB ft v 


- V > ?KU% 


CD 




it ic * 5 7^ t a 


> 










i:S9o ft (d , 






EK*/t-JHt 


R 


m*^-X<D7t^/N*> H * v y jfttftt bT^^-ffiT^ £ [S.J 


ohn , Phys . Rev 


. L 



ett.58#, 248 6M( 1 9 87 ; S.John, Physics Today 44(5) 32K099 

1 ; E. Yablonovi tch, P hy s . R e v , L e t t . 5 8 # % 2 05 9H ( 1 9 8 7 ) ;RtfE.Yabl 

onovi tchS. tfK. M. Leung , Nature 391 6 67 K 0998 £ # SB S ft tr> ] 

* ( 4* , * k r ft * - ;k & tAtf*fflRAWia«bfcSt*j»«*) a* » ^ 
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ST-f ? DSIUCRt LT^fcfcft. ftI«l:*/j:l3llT3&5[D.F. S ievenp 
iper. M. E. Sickmi l lerS. t£ E . Yablonovi tch. Phys. Rev. Le t t . 76# . 2480HO996 
^) Mt^tCJ.Joannopoulos. R.Meade RtKJ.Winn. TPhotonic Crystalsj (Pri 
nceton Press, Princeton, NJ, 1995 *fO £ # M £ fl £ <^ ] . 
[ 0 0 6 0 ] 

i Hm-&'fb^-A-;i/ (self-assembled opal) © ^ > 7 U - h it Jk XS fft Hi ^ ffi \Z 
J:oT3^7cSIttijlft:*iS*%i©*gli, ft (chromatic separa 

tion) fS©lia9S*Sftr5. dW^fflttWSitL-Ttt, (a) IE «t K ffii /£ 
Sftfctfttt)9SI*!l;f v*^*»#«EtSci, (b) f t**tft*^»T$ 
SCt. Rtf(c) (^Fffitt^llt . 2000'C i K) -T 1 t. ffi < T *> » X. -3 ft* * ^ to 

[ 0 0 6 1 ] 

* * 93 ® 3r ft tt . #*fc«f&S©««»fciB:stfc«te&S#r&ca:**TS. 

st. #^tcjg^fim^B(c fc & © t? , aaff7 t >^'u-h'ft:ES^-/t-;i/^jg#: 
Slfflfflil:ilTi*>jif * L^o W&Jj felt. © J: 5 SSIE* /I - © 
#?ltt©(*)3B*ffit;:^?H4£^AL. 2 5>(c^m^Sr{ST*1i-SCli:(cfc^^-r 
4 d fc *t T? * * . *tf 5K±TISfiftS*T 

l>Ti^( R * 'J » Hi ) i& b T . 7cO^?LBtA-;KO|SraCI 

ja^ff5ctA!TS5„ coff t * /■< - ;]/ & ? « m m * »± iff m 

£ © » tti # f± . Iif$a-f-<>^©)lfi£-e(Z)i^apg-(?$.5„ 
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jfiflc&ftSfcfeKtt. 7C © * A - 


it *?) lOOnm * 


I A a V 1 


CD 




b 






5 1 O ffl 


» 






i£ T . *^«0JSCJ:Of| 


C»ST*fc*f*K fc £ * 


tt. « 








iH'jv-, # u x f u > a t* ) (D 


KfitA- ^ £ Si! j£ "T 5 . 


d co K 




/1 - ;u 


<0 




ta-f -f T 




— 




7* 




WL «• rt« t * 5 . 










[ 0 0 6 2 ] 
















ott$f £ 


if 


Its 


CD 








n 




/ 


*i jg # « ^ , « ffl co & m 


a tt «■ ( «T©S«PS#» 


wet) 


& 
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* K: J; 0 Sfcli?ittiT0.0 


~10.0kbarCDJBE:ftTT*gg!&#5;fr 


/t 


— )V . 








<k -=> T & 




iff * b 


< 










co r B ^ co 






D 7 * j >mir ( »^ ) 






* * & 





f^fe^iltCioT, fi/Jr (ZT) £ ^ ^m^ffl (thermoelectric figure) *t it 

iraffci^sciT**. zt=s j a t/(k, + k c ) [ s + , s & - ^ y ^ & 

& T & D , K , R K c fiifegf ©7^/>&^t^^p a a 

T & £ ] T & £ * ^©i 5 tZT^iloa; ^fcaiDrs. Z. <D7 7 

t/i-^ (c§iife 0 ( a ;^#^iiBii:MiT) « m * 

fcHlxaiSnftiOt^S^ot, It -^6/1 7 - (thermopower) fcfc J& £ £ ft 

[L. D. Hicks^ tXM. Dresselhaus % P hy s . Re v . B4 7 , 1 2 7 2 7 ( 1 9 9 3^) j&tfL.D.Hick 
s £ , Appl. Phys. Let t. 63 3 2 3 0^( 1 9 9 3 ^)] 0 U^U, I ^ ^ f < X 

d *t 3 m n * * \z tt '> -r a ic z n t zm tt no r s , (/hSfttt^aiaawicJ: 

2 d i ^ W I [D.M.Rowe , TCRC Handbook of t h e rraoe 1 ec t r i c s J % D. M. Ro 
wei, CRC Press . Florida , 1 9 9 5 ^, 43— 53S#Bg] . 58 Jgc il h M M IE L tr> 
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z & ^ m x & - )v ^ & z <d m m & m z> z t. & z z> * * us « t a , s i h 4 co <b 

S i H 4 /GeH4 ( » £ L < & 5 : 1 ©i^) © £ A £ <h , t/t-;H5ft« 

SffilCSi,.,Ge,.,^«at5. *6»^:Sii:lt«bTSio..Ge..,'&^©J»g#*^ 
^ G> T * ^<D^O#m^^mr^o 
[ 0 0 6 3 ] 

*»«©IB«0Bfil:||bT88ft»»HTl^Oif'jv-8ii**«»il/ 

£ <£> 5 8 9 nm \Z $> tt Z> JB Sf ^ ( # BB fa PS > <2$£HfiJ^TCDjli9T£>£ : # 'J t 1/ 7 
^> Si (1.4 7 -1.5 2) , #UXf U>»(1.59 — 1.61) , 'J 7;P*Ptl/7>f 
> M (1. 35 -1.4 2) % #»fK*/\ay>ft*'J K = *»(1.45 -1.52) . # U 
7^ U L/ - hS(1.47 -1.48) , #'J U I/ - hl(1.46 -1.57) , « >J ? 

X (1. 5 1 -1.5 6) , -1.51) , « U 7 5 H S (1.47 - 

1.58) , Xtf # U h*<1.57 - 1.65) . # * flj jft 1* # S L lr> # U 

, ^Ifi*8SJ:!)t)fot/hS^8iU->fX&»o^7^^7 7^-?»S*'j7 
- T & £ * 7x/-J^-X^K^^7^7 U il/7i^-iK-X(7)iit), 
* % KB » fc ft » £ L n o 
[ 0 0 6 4 ] 

f v-©!ft»«pi:i 0K*E6t/l-;i/©fijSi:«i:» * ^ < S # 

t7ir^l/>#Uv-[ fc ^ \i , # U ( 7x-J^>'J U > ) x ^ x u > - 1 , 3- 
y x X U > - X^-U> : M. I t oh b » Advanced Materials , 9 # , 118 7H (199 
7 ^ ) fcl E « ] , »SlI»&<i»«l/»S*'j7-SK*^-;K5S«C 
H I: fip $ U ^ o ^n^»S b^iStt^oi;5 CliB^^a^c: >r <i m t. 
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* ( SI^"C#<ll[iibT^£T^) o 

[ 0 0 6 5 ] 

L ^ o #9J»B#*Tfieffl-r£ r3ftBS«tt#Uv — j fc * JB » tt , ^ > ^ A ra aR U 
^U-©n^U7-(D^fti^t)t^t)a)«ht§o £ co IS tt , aR u v - © a * 

<b^»a*» t>^ tr *> © t-r s • #u( ^ yft u 3 * u 

^ - , t i * 'J ( 7«yftk^'Jr>-h'J7;i/tDXf I/>) , P (VDF-TrFE 

* ffl <0 S S ft « «■ fc L T «p JC ft £ U n 7 y ft tf ~ U > 0iijJD©3#UY-tl 
Ttt, Tournut <£> Mac r omo I ec u 1 a r Symposium , 82#, 99—109 H(1994 \Z 

□> * ± -f a > l l, :J- -< d > 9 . *f u > 7 , :h u > 5 

[ 0 0 6 6 ] 

H-^ft*fctt#H — ^ft*©a^©#«tt#u-7 — #fg93<z>jg«a>»i: 

7 x > * aR U hf n — ;i/ , *U ( yx-U>t:-U>) , aR U < 7 x ~ U > ) , 
ife tf flt i£ # U ^ - (9 -fe > h -C $> ZHm-t ¥ * > h &*tf«JfcaR'J^-Rtf 
n aR U -7 — TfcSo 
[ 0 0 6 7 ] 

S»«r«ftMl«£rttt«t« 58 0J © * J6 « HI . ttfcJflift##¥»aJH-C***» 
BOlB«Oft»C!)Sa»»il/Tff t :n^0lSiOM&^ 5 8 9 nm 

fc;fetf<&*©B#r*«Btt. KTC^OT^: 1) ~ g£ ft ^ > , 8£ ft ^ & 

* -> »J * , Wt ft 3? ;U n - V A , RtfT^S^&^^&JBKftW; 2 ) > 
H (n ^J2. 42) . H A Ifr » * ^ -f * ^ > H (Lonsdale 
ite ) Rtf^^^>H«ift*&£©ifc*ffi; 3) :*^S/i£ftt:X^X (B iO 
CI) , f ^>8/tiJ>)A (SI 4 2 0 - 6 7 0 nmllii^T, 2. 543-2 
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. 3 3 9 <D n 0 , 2. 644-2. 3 9 2 (Dn ( ) , - t^8 'J f ^AA 'J ») A 
(S6S 5 3 2 - 1 0 6 4 nmll^^T, 2. 326 — 2. 2 0 8 <E> n „ , 2. 1 
97-2. 1 1 20n« ) . — ztVWtVT-VA ($1 4 2 0 - 2 0 0 0 nml:l3 
^ T * 2. 304 — 2. 1 2 4 (£> n „ , 2. 414 — 2. 2 0 2 ^n. ), ^ > 
^I/g'JfJA (iSS 4 5 0 -l 8 0 0 nm(;^^T, 2. 242-2. 1 1 2 
CO n o . 2. 247-2. 1 1 7 <£> n e ) , SEitt ($1 6 3 3 - 1 7 0 9 n 
m \Z & ^ T , 2. 739 — 2. 5 4 2 ©n, % 3. 019 — 2. 7 6 5 tf) n e ) 
, 8<kl» ($S 4 5 0 - 1 8 0 0 nmiC^^T, 2. 1 06-1. 9 2 3 (D n 
o v 2. 123-1. 9 3 7 ©n« ), a-StftStt (fifi3 6 0 - 1 400n 
m l£ *3 l> T * 2. 705 — 2. 2 8 5 <£> n , , 2. 709 — 2. 2 8 8 <E> n e ) 
. Rtf 13 -KftS« (Sft450-2000nmfc^^t, 2. 471-2. 2 
6 5 <£> n 0 ) ft £ * JB«**«K^ fi£ * O <h £ D * 5fcfcfctffcJHSr* 

ft$^/Tic no BSf*fi±«©T*ce»tS*l:llt5'b©a:©T*I«r*i 

[ 0 0 6 8 ] 

^^m*"tr^^>y^X (f ^>SA'J')A, ^C^^IIB aT i O, £ S r T i 
0 3 * PbTi0 3 . BaSn0 3 , CaTiO a . X B a Z r O a ©t^f n 

U^^-y- — SlSiW* (relax or ferroelectrics) T?*<&-fe^^ 
3B <2 S » iff * L n 9ft R *S * T % £ o *»WteW»:»*L/^U9^*-a§lBI« 

# tt , ^^>mmmmm ( p b t i o 3 ) £ * u , PbM^<h ( a * -r h t j; 
tfhsi xiiT isD-o (B^^r b t iiini)) cd ^ -r n ^ — * « « # ki a 

, Pb ( M g t / 3 Nb J/3 ) O a (PMNi J;(fnS) * Pb ( Z n , / 3 N b 3 / 

3 ) O. (PZNtcttfnS) , Pb ( N i 1/3 Nb J/3 ) 0 3 ( P N N <h £ 

n§) . Pb ( S c , / 2 T a , / 2 ) 0 3 , Pb ( S c i / 2 N b 1 / 2 ) O3 (PS 

Niitftia) , Pb ( F e 1 / 2 N b 1 / 2 ) 0 3 (PFNtitfn^) , R P 

b ( F e 1 / 2 T a 1 / 2 ) Q 3 B-e-^h^^ftifJttU^^U- — 
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*&©Mtt±E»J««©H*#T, ( 1 - x ) Pb ( M g i / 3 N b a / a ) O 3 - x 
P b T i O 3 Rtf ( 1 - x) Pb ( Z n . / 3 Nb a/3 ) 0 3 - x P b T i O 3 ft 

2 + L a , 3 + ( Z r , T i , ) i - , / 4 0 3 "T , PLZTti:tftl§o PZT ( ^ ^ 
> ^ ^ ^ > ft . P b Z r , - , T i , 0 3 ) > »fcff*l/lr*3Sl 
if®#ir^y£T&£ 0 PMN (^t y|7?^y-) A», Pb (Mg 1/3 N 
b J/3 ) O, ) tt»J©»fc#SU*r»tt»TT. cn«^ia$:T[Hl^M^-e^g|«#: 
l:&S„ PMNC|^3 5^Jl/%0PbT i 0 3 (PT) S ID ^. 5 C t C «k 0 « 
^n^>-fe^^>y^m^;fet>, # Id * L ^ o Cftte* P TOPMT^©j810tt» 

Sftb, B. ^ > ^^3 5^;i/%c^^j[ra ( f ft -B £ fls ) PTSI^ftiU?? 

y^>y&$»5a«ft*S5 0l:»i L^. Lt^»0 1 Ott, Brook 

s et a 1 . (Journal of Applied Physics 
75, pp. 1 6 9 9 - 1 7 0 4 ( 1 9 9 4 ?)) C J: 9 SKRt»» SIR! 
<£-\<£>ig^£:0. 0 2 7 MV/cmtt^filST§lt§^8S$tlf:, Pbo. 
97 Lao.o 3 ( Z r , Ti, Sn) 0 3 St^So ^© «k 5/«Cl^«J©iOS«^ 
;i/n>^ffi^jK§fi^m^T, Ctl^iiOh et a 1 . ["Piezoele 
ctricity in the Field— Induced Ferroe 
lectrics Phase of Lead Zirconate— Bas 
ed Antiferroelectrics", J.American Ce 
ramies Society 75, pp. 795-799 (1992?)] 
RtXFuruta et a 1 . ["Shape Memory Cerami 
cs and Their Applications to Latchin 
g Relays", Sensors and Materials 3,4 
, pp. 205-2 1 5 (1992?) ] I: i 0 Bt S ft T ^ 5 . 
[ 0 0 6 9 ] 
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■fe ? ^ v ? X ** , *3SSo88»»HT»l:ffSb^. II©J:SB(:lfii 

««^<o?ijewc»**»s*o«fc5aa«*tt» v o 2 . v 2 o 3 , n \ s , 

NbOj , FeS [ j , F e 3 O 4 , N b O 2 > T i 2 Oa , T i 4 O 7 , Ti 

s O 9 , RtfV,-, M , O 7 [ H u T, Mfi68Ifi*VO, J:0fi<t5H- 

/t > h ( W , Mo, T a , X N b ) T , x \t 1 it ^ # » (d /Jn $ H ] T £> £ <, 
V O 2 tt % (^6 8^) l:^^TlSWSdRtffSJ»0B 

^n^©iIfB©^^R«tf #ttf:o^T«, Speck et a 1 . [T 
hin Solid Films 165, 317-322 ( 1 9 8 8 ^)], 
&£>EJM;iJorgensonK.£J c Lee [Solar Energy Mate 
rials 14, 205-214 (1986^) ] 4«E*lT^5. 
[ 0 0 7 0 ] 

H IR « # tt * ^TOt^0T^^:t*XTX, t- ^ )V ft; £ * v X (Bi 2 Te 3 
* & ) , 7>ft>ftt*X7X ( B i i - 1 T e , , 0. 02<x<0. 1 3 <£> 
^ £ ) , &tfB i 2 Te 3 <h S b 2 Te 3 <h 0) ^ <k 0 : ©gffl C#il|ff II 
« fcfci . Bi a6 Sbs«Tei4 3 Se 6 ( Z T = 0 . 96, p ^ ) , Bio s Sb 
i.s Te 3 .i 3 ( Z T = 0 . 9, p M ) , Bii.TiSbt.iiTei.il ( Z T = 0 . 
66, n S) , ( S b 2 Te 3 )s (Bi 2 Te 3 ) • . (Sb 2 Se 3 ) * (Z 
T = 0 . 9 6, n S ) T & £ * ^n^O^^^^^BJ^^^^/^-^^ag®^* 

^ © a a tt , mmizm? & m&K.* Toniia (s^^isbt^^©^^ 
7 o o - i o o o kj^±) T«ffrs*/^-;v»»»«#fflariE»©»*u^« 

, PbS, PbSe, RtfPbTe4&tfl:ir^*-y^7--)A§4 (Si 
-Ge) T & £ * 1* » S UV> a /« *M4 S ifl.r G e o . 3 T & £ o * SB 9! © «8 J$ 

^ H K T 4 0 , ^OfeotfefflS^WIiCoS b, , I rAs 3 , RhP 3 , £ 
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OSi^WfiL aCo,-, F e , S b i , T & £ o 
[ 0 0 7 1 ] 

( a ) K^/t^->iL X tt ( b ) gi»fi(:lt^tt©/t 

, « ^ *£ 88 It (?fawfl8ftl«4#l:bft4r8) ^o/i^->ftUfc»« 
Srffiffl-TS^K^JBfilfCtt, ^m^tt^/V-, 3ttH-^tt (photo-dopable ) 

* U v - , 3t»itt*y7- t 38ttX3t9l«tt#Uv-3&«#*b^. « A « , Sfe 
*/t-^©/t?->ftLfc)||*a«lli» ( a ) n S i O , * rt - )V > - h £ 

ajgjifc/fcfiai**::*:* ( b ) «#ttHi*fiEai-r**flciiBffisa»&#sfca6 

, ^n^y-b^7--'J>^t5:t, (c) S i0 2 # 5- - 7 * 

Tft^js^iit-rs^ii ( n x. « % /^->ftifc7^^^i^s) , ^ l r ( 

e ) S i O 2 $*RtfiMlfc^Xfii!tlTl^^7^ b 1/yX tl^ 
^gt/t-j^/^->ftb^:«M(L £ 7£ 31 ^ ffi i£ ( #J A « * ^ HI ) 
& , s &cjSS/ftfliSi>i:«t4i:t^T§r«. E©fl6fllfc*bfcW»tt. 

ffl A l£ " Polymers for Electronic Applicat 
ions" (CRC Press, Boco Raton Florida, 1 
9 8 9 ¥ ) i^5«*©MO»lt (1-32S, J . E . L a i #1 «E ) E 

* a n t ^ * c^iiit Riif laogi^nTt^) . ::ta^iT 

l^8ftSnfc«Sli» G. M. Wa 1 1 r a f f et a 1 . (CHEMT 
ECH, pp. 22-30, 1 9 9 3 #4fl) fc «t 0 Bit S ftT ^ 5 . *»»0 
j6flU;:ifiLfca£fcllrtiS^fflJ5£«fte* M. S. A. Abdou, G. A. Di 
az— Guijada, M. I. Arroyo, Rtf S . Holdcroft [ 
Chem. Mater. 3, pp. 1003-1006 ( 1 9 9 1 ? ) ] I: «fc 0 
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[ 0 0 7 2 ] 

[ n m m ] 

<D^>7 P U — J- 4 > if (teraplating) K: «fc 5 * 7 x / — ;H* IS E <te * /X — ;KO « 
iSl:^^TSWt5. FurCarb ( S # iS ) Res in ( 1 8 7 g , LP 

— 520;Great Lakes Chemical Corporatio 
n , P.O. Box 2200, West Lafayette, IN 479 

0 6^&A?^ii6&7;V7 y ;p*7x/-;p»|g) i:i$ffl»ttt utss (3 

7. 511%, Fisher) & 4 « M X fz '& * Z tl ft M It 1 0 # PpI » L < « 

# L fc . Te f 1 on (^r^igfil) t3-f0^lf:, HC 1 j& ft Hr £f ± f E 
»K*» 1 ■ 5 g*tf «^S&7*5-f 2 5 0 nm<£>SiO 
2 **jfc&fc*«tt*JL«:*-/t-;V (HI) © 1 ft A n fc o ilT 2 B Pel $f IS 
S*/t-jn:gaSf ft«, » «f lg ft 8 0tT3 BP^. 1 0 ox:t2 B . * b 

tiici 3 o t t 2 a > ft a ft w is « n e -c & o & . 

ttfc3ft^*L3feft*Lfc. «a*/1 — ;PfiD*Wft, ^^Xvft»|f(ftffl^T5»IBl 
«c * b & o CD ft , 7x/-^*ffi»It^-;K3Dlifi4 9 . 7mgT^^; 
. 7yt*IS (48%) \z3mmmffiTZ>z.Llz&r). :©K»j^6S i o« 

* # ft «t o l& ^ fc o ^ ^ k , sio, fti»£b^K»ft + ^rc«:»bfe«» en 

ft M EE T * * C a S O < ± T 1 B# m ft jft £ i* & . d 6n*4«lfliE6 7 x/ 

- ;HJf is s te a - ^ (117 . img) & o . c fu* , <h <e> s i o 2 :* /1 

ft (SEM) K J; 5 IB 3£te , t^TO>'UA8#^7yft**ai:«kDiS)Sl/fc 
:t6*bT^*, SEM?|tt,, «JHWfcE«bT«S«»l/fc*JB*ft«b 
T & D > :oiiS#iit)tos io, */t-^*©«a?SIWft*^««ttT*« 

1 T V^c (134) . # ij -7 - « jft # *« £ O ;* - ;p + CD ft JFL ffl IB ft « S £ <D 
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[ 0 0 7 3 ] 

z <d m m m t \t , # * k & ^ d *f k s ^ < * u v - e £ * - jv <d m e & » 

**«llcft^naufc. ^tia> *fi^d^fc«^tfi*ILT^fc. d © E c 

t/t-;i/^4fr(i»)»b, ^n^^n-?n^^it>. x * / - ;i/ , r h > . & 

tf^CAtlfeo ^^-tf-^Ott^fc*. 9BS^*fi*Mbfc. 7-feh>*<0tt$Hi 
. A»*K:o^T(0tt»««©BBiPiK:J:0. # ft , & & , &tf®e<Z>¥L3feft£i; 
fz<> x. * / — )l> * (Dt&nte * ?B5^f ftft^MUfco **a>K»G>»'&* <E> 
. tt * * * ft n E G * /t - ^ O ft * & * K % ft 1/ ft -d It o Sc ft £ tt * 

tt©tfif:*tf 5ift6©8fttt, ^n^(7)^#:cDigw^ (^n?n» 

> 1.375.X^y — ;i/ 1. 3 5 9, 7th> L 3-5 7, Stf* 1 
. 33 3) 01^ ICgHt § 0 
[ 0 0 7 4 ] 

s i o 2 * - ;u * « ft 7 x / - ;i> »IB ft * to tt » ft . II tt #J i © ¥ « « 

SJ T ± If- £ 12: , 7 5 OtT 3^Fp1^^UAcI, fifSteUfflftfTfeffcSfflSTfta 

79>H±T*L*ft«Ufc. « ^ T . KK8J&l:77ft*JH8T2. 5 P*1 $a 
1L £1 0 il L * #c L . S^CaSO. ± T H£ £ 0 dO^jRWlfitt^U 

%m&&f&3k?z>rz!b\zm^t>n, mi:j;0Hfiiiii»8 7-9 o%^^r 

5 ** , K»©**SRtf#ttttXftlxfcj&>ofc. C©K»ft$*^T^ftJBlFf*ft 

t t^s^ctst^i:, a. # ft « u a* , tei:f i/^«ftiianft^^t. 

£ fc . SEMiftfi, fit * E te * /t - Jl' ** . to*A-;KogJLara©*»T 
-/Hi. f >^l/-htl/T*ffitSOi:td3S:iH»'*l***r* ( "r > 7" U 
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[ 0 0 7 5 ] 

tMJ 

^^l/>SK*/t-;i/ (SI 1) ©Ufil:^^TR«tS, d cd ^ ft M tt , £ © 

T ^ 5 „ /1 — ;i/©lJt£. 1 . 0 M g % © 2 , 2' - 7 7 t'X^f V D 

Z h U jl/ (Aldr ich, 98%) ^r^^-T^X^U^^/V- (Aldr i 
c h . 9 9+ %) \z % M!£T * Sl*?4fifHAnfco £ © #1 S tc £ «9 * X^U> 

-8 01C-e2 4fifffl$lLfc. */1-^BI<Z)*«*iJ^f l/>&J>»C«k0 1|l 
9 I* l> « . #UXf l/>SS*^-;^7yft**8 (Al dr i ch, * * 
C4 811%) IZ ffl 1 ft BR * g i* b , S i O , 3* tie §: » # b Jfc □ iD)IU7fc*T 

Tli5i8Ufe?L®3*^7H^^oT^f; fl * U X ^ U > R * /I - ;b \* 
. FurCarb ( S fit iS « ) 5 2 0*Tttl0 0'C-C^£fc»#bft;ft*, ? u 

eilK^^i^Sill^ (1 Ot/mi n) tc£D$I^bfc^^. 8 5. 5 

D6tS^ a d © « * » KKt/t-JH»f ©TfffiXir-JUCcfc OSftSnfcH 

£ o 

[ 0 0 7 6 ] 

2i © * * « r » • * y ( * ^ ^ u ^ 5f ^ ) (pmma) e k * /i - ;v © « 
ifiCo^TKStS. ^JS« l CE«Lfc^< ^a)*?LHS i o , /1 - ;i/ © l 
£ * 1. 0 S g % © 2 , 2 ' - 77hfX-f V^f P - h'JiMA 1 d r i c h 
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. 98%) ^tf fS/^ JUil/S^?;^/^- ( A 1 d r ich, 99%) 

\z 4 tit ffl a ft tc o £ <d s * * o > v-«tA-ji/ti:giUfcc fe^ey-v 

- £ * */t-;K^8H:^^T 4 0 - 6 0 tT2 4HBi^St&. t/t-J^l 
(Dsfelll^Uv — ft*»K:«fc0BiOI»^fc«, 3fc * * /t - )V £ 7 y it * St Wt (A 1 
dr i ch, *tl!48li%) CS«l, S iO a J*^^^ilfc 0 
* * L , a « ft « U fc « , P M M A K K t /t - JHi , 

[ 0 0 7 7 ] 

, Hfi^fttt^fiM i o»fi*tei:?i;T^ft. *?LS>"J 3 0 

m I (£> E p o x ( S ig >HI ) 8 1 2 24. SmlcD^K^^^Kilzk* 

(nadic methyl anhydride) , Rtf 1 ■ 1 m 1 <£> t r i s-i/^^^T^y^^ 
;p 7 x. / — )V (Ernest F . Fullam I n c . ) <D U & %0 ~? 3t 
U & ft , C:n&iM7--'J>^K:«fc0 6 0tT2 4fifBEJSStfc. HF (A 
ldr ich, *4 , IC4 811%) $r ffi ^ T 7 x / — ;H# fg 2t * * — ;p ^ £ S 
i O , S»fflUft:« t ^I«ll:E*bfcJ:5l:, Rtt»**03ILifetiH^ ft 

ili^ 0 s&nft7xy-;i/iiSE6t^-;^, 7jm>iist, 90 or 
tiBtrai»«ifeo #f>n^K«5Kt/^-;wia^&^L, s e m o *± m , 

«S«ebfcia«*«©a©3*7C«JHtt7l/-fT*oft:. £ <& 2r ft S fc . ± 
fag^^^30ml(^Epox (^^ffi^) 8 1 2iK > 44. 8mlOJA^ 
S HryJI/S*** R 1 . 5 m 1 (D t r i s --J^^-)Vy^/^^)V7x.y — 
)l (Ernest F. Fullam Inc.) ©g^ftTl^iA5 

[ 0 0 7 8 ] 

% fl&ffl 7 



( 53 ) #^2 002-527335 

T 12 St "T £ o #?LSS i O , * /I - JV £ , S fi T 2 B PA 9 1 8 7 g © F u 

rCarb (^^iS^) 5 2 0Wfl&&tf4«©:gt£^ (Aldr i ch, * * \Z 
3711%) ©g^^£§j§£-tf£:o 5/ U * * /t — ;U * T <0 » Jg <3D M -& tt % 8 0 
tT2Blli 1 0 0 *C T 2 B H . ft « « 1 50tT2H PflO»»7Z-iJ> 
^ tc £ 0 3i fi£ b <> £©FurCarb ( S ® Bl ) t^-;KZ) 2 K» ft , 

2i»©Sft*ffl^TjBIbft : (i) jSlKftlt, T;i/rf>^fflmT> 9 00 
tTlKBft^Hl/fc*, 7yft**«*« (Aldr i ch, **C4 811 
% ) fcSKlT^'JJSftftSOtt^ft, * b T ( i i ) ffl 2 IS n fcfc . 7 y 4k & 
mmmifc (Al dr i c h . *tl!4 8li%) ICS* U t •> U * 0 » 

tr> £ ^ , 7j^>SBIT, 9 0 0 tTl^F«»«bfe o t^^S^fe, # 
&ftSRRIi. «Iifibftt$«ft:©H)IIHt7l/^^a5Fu rCa r b 

tSfL3t$^lfe 0 L U , S/U*tttBMfciSI»»*bfcfit*K» (H5#R) tt 

T \t , *aitliJHlBl:*6ft4^ot, 7x/-;i/ttIioft»*«8©SEM 

. z: © « JBS (s io, «#©»ffisffc»^«ufcK»'rtt[5ia{snfc) « » « 
k « /£ u . Rfc7x;-;neofttti»fi7?*s ( — * . i»*iT^ai>7x 

C 0 0 7 9 ] 
8 

Zfcl&CO* IfiWltlllfeFurCarb (S«K«) Ete*/^ — ^©jSffl 

-Jl/tKt*U7f U>6DH»!tt*§#»T*S. FurCarb ( 3£ ^ fg <g ) 
RK*/1- ^C!) lfrft, X5Fl/>^/V — (Aldr i c h , 99+%) t 2, 
2 ' - 7 y e 7 <i V y n - h U ;i< (Aldr i c h , 98%) ©100 : 1 ft 
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5:t*Tffc. *:V>'&. *^U>ft6 0- 8 0'CT2 4P£Rnfi'&Lfco £ ft 

f l/>*50»^fc, » £ tl ft £ A * (±^LTj|fi0a7t^^bfe) tt , SE 
M £ 0, 3^7C^S?ttFurCarb ( % fit ffi 4S ) 7 b 'J y^X^TfflSig 

[ 0 0 8 0 ] 

/1 - ^ £ , Sylgard ( ^ £i iS 184<hSylgard (§l@@) 1 

84fftfl0g&» (liitl 0 : 1) ft § i§ £ 1* , SIT 4 8 «fB«ft S t ft 

/^-JKZ)**Sl:»»Lfc«, :ftShJH>K:8*b, * U * ^ U > v h U y 
^ X ft l& £ b ft * » tl it * /1 — )V \t . 5/ U n — >X^Xh^ — <D frfr K) . 

[ 0 0 8 1 ] 

ifi^J 1 o 

:©ISMT(i, fls # ft IP (cvd) »Si:isst*Ee*^-;P0»iJi:^ 
H T K 9! "T * . d <D # ffi T , Ift***^**/^ — ;U±fc»*S*. 2/ U * ft H 
F*»JSi:(Offl ! 31lC^OfflDI»<o iB 1 tt » T tt , 2 5%:/ntfU> (C, H 6 
) H 5%g|^g^§«Sl|^, * At - ;U tt I* A" (12 cm, I^4cm 
. P^2mm) ft^frjJDi&Lft^^W (8 0 OX:) iS T ^ <h d £ D , J* ig ft :t 
/t - )V (a^3 0 0 nm(D«#:) © * ffi 3 — ^ > b ft „ C VDSfWttl 
2 «f BT » o fc o fg 2 K » T fcfc , ±fS^Xg^^ft, * - ;i/ 14 %L (12 cm 
, S £ 5 c m , H^lmm) ft^frjjPf&LftH^W ( 8 0 0 r ) t£ il "T d £ K J: 
tK » * * * /t — » (|g 2 2 0 nm©8#:) ^ figf C 3 - 7 ^ > ^ I ft o C 
VDP»IBtt6l»IBT*ofc. MS 3 K » T tt » ^ P fcf U > # X I? B « 1 » ft . * /1 
- Jl/tt » (B2 cm, g £ 4 c m , 1^1 mm) ft^friOi&LftS^W (9 0 
Ot:) C I t ^ t C J: 0 , ^ ^ ft ^ A — ;!/ (fftl 6 0 nm0«#*6aft) <D 
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tomm tz^ * > ? \, tzo c v d ft m tt 6 ft m t & o o ±tsis»^^n^n 

K«*<Z>HF*»»fcl 2 P* IW A ft & « , @ « ft « U & . 

4 ^ ^ D — ySllj;^) tt * mi 1 0-1 2 OmQ/cmT&ofco :n^©I 

»{Cttl3 0-17 0mQ/cm) £ 1*1 3£ T & 3 o 

[ 0 0 8 2 ] 
^jSgJ 1 1 

/1 - ;U £ M K T £ ft a£> © , ISI^JlTiilfcFurCarb Sfe 
t/i-iK^li{:^^T^^ti) 0 d © /1 — ;wi , 7x/-;HKt*«J ( ^ 

urCarb (SIBg) ^fe^/^-;i/<Dl>t^v ^ ^ i7 U ^ f / V - 
(Aldrich. 9 9 4-%) £ 2 , 2' - 7 7 ^ V P Z h >J (A 1 

dr i c h , 98%) (D 1 0 0 : 1 » » (SSit) C 4 P? f| A tl - C n C i: 0 

o-8 o < c-e2 4 ft m a -& $ * fc o /i-^ 

I* & . (£<hbTjfci£/^fe<£a^£^bft) tt , S E M 0fe 

* . 3*7uj^^ttFurCarb (^^ffiS) 7 h 'J y ? X t T«S18 I ft * 

U ( y ^ ^ y * ^ ;u ) mfc<D 3 #C7cJ3JC!tegBig-c* o fc e 

[ 0 0 8 3 ] 
^IM 1 2 

R£fHJ&*#y*^U>T3fc*SftTtr>5. #UX^l/>/^7^«K^I§»!£| 

^Ibfto »7XttK«Set^-jK51fr^, 1. 0 M fi % CD 2 , 2' — T 1/ 
t'X^V^f DZh'Jjl/ (Aldr i ch, 9 8%) ^ ttf § 7 f 1/ > ; E ; 7 
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- (Aldr i ch, 99+%) \Z , MJBET, SlT4»BAnfc. u(Dj!ail: 

* ? U > a <& \t . 6 0-8 0 t T 2 4 WpPflUJSUfeo HI 2©lfga^5ltt 

[ 0 0 8 4 ] 

Hjsaifts id */^-in:ia*©^7XvfiicvDtff hf*» 

<D y ^ ^ ^ > Y &<D i/ — H S§ JlD » dn^oyu-h^, 5 nm©^^ft : t>F 
Sfi^OTt K>!BiS« I 1 3 tif 8«Jft5ili:l:i:!9^1Lfco 2. 4 5GH 
z , 3. 5 kWT«fPt*V-f jr P»^7Xvfiaft*Jlt*Ei6ll [V. G. R 
alchenko et a 1 . , Diamond and Related 
Mater ials 6, 159 (1997^) ] £ ffl T > C H 4 -Hi 
^7X7 (JE^50-60Torr, X 81 1 fi H , £* 972sccm, C H 4 
2 5 s c c m ) fl> 6 » — h ( 2 5 0 n m (£> S i O a # £ 

* tr ) cgS^tfco iSIS©Iffif^7X7j]Di(:J:0 7 5 0 -8 5 oti: 
iL « IS » Rl tt 6 4 B# ID T & o fz a ^igSt/t-^y-h©^>f tt> 

On>f Hlft^-f >h*««) , l 0 %77^tK 

* 1 BftKttftdifciOS i 0 2 # # £ 0 ft £ , K»£«?)iIb*»cL 

*ffi±ic^?>n^o c:<o*ffiict)ott)iE^ist*s<E5!-^-;Ptt» J¥ ^ a* 3 o m 
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hiK?) 1 3 3 2 cm-'fC^^^S^ISCi^^L^) . - ft \Z *? -f ir ^ > 

(EtA-;p«2#i:afl$nT^5i: t&^bT^5 ((37) o ^^f tt>HS 
fi*/t-;K0iT©9* 3 0 0-5 0 0 n m <D @ » , Ii5Ki^^5§iSE 

* /1 - ;b (x«^:fiJc^*$n^^ffijKte^/t-;i/) t & d , ctius i o , fft 

*> 1*9 8M:: * & Jf fcfc . JKS*<:/(DK3Rffl 9. ^ n ^St^r lii^Sfttt t «k 

.£ ( H 8 X « 1 0 ) . ft * At ^ M \z IB ft U fc &l m % =? m A CD « <h « *f gg » ic 

JKWCf SSI (S* 2 0 0 ^m©SffiRg*/t-;^>-brtS) 6 © » K 

©»*tt-jRMT*S. i © * /I - )1<D « ?L jft & t* , fii*ffifclEttK:*«£n 
5 - ii © n t fi » :n&4 o Ao)i*©a*lfedt + »i:a<, sio 3 « ft: © 

0»f/^->f:J:?)»6n50»fffiraBtt, tSftl b T ^ 5 : (0 0 

2) 3 . 4 3 A , (10 0) 2 . 1 0 A , ( 0 0 4 ) 1. 7 2 A, ft» ( 
110) 1. 2 3A. Ia0*oftia*6f«bfcti5 t < h k 0 ) X 
(0 0 1) H»TUS»#*5nf» C©£fcttJfc*tt#*#ffl©US*;*hy- 
& (not in lateral registry ) Z L £r ^ L T ^ £ 0 
[ 0 0 8 5 ] 

iiM i 4 

OH7 7ftt*-Ur> - b U 7i^DXf 1/>^^'J7- (50X5 0) 0 5 0 
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x»»ianfc. lssTc-^ousra^. pa^u- / > & i 3 oic©«jet 

0«'j"7-35^»gi, ^©sffi*«ifi6i/&o g a * - )v & s 2 i>fr 
o :on-5[it^it?iai ( s e m ) i^^o^su, ftb ^ tt y v it * * 

m (Aldr i c h , *ffl:48li%) tTMIbTS i O 2 3* # £ ffi ?> Rfc H 
fc « . iOIl^ftlfCo SlfrCSEMBftft^^t S i O , « # © * ffi 

T tt # \z at ^ # ** * & n , ^©^ tf4E**'J v-*5E6*/^-;^»/J 

[ 0 0 8 6 ] 

jgJ^ffJ 1 5 

:o^««Tfi, ^l^J i o^ais i * /t - )i <o « ?L £ m ft . * a ra 
k t , /^-ai/-h$nT^a^y^*a : F&ssstsfcfe©» s ^ /t - ;i/ * 

^(Dtr^m&M&lZ-D^Tmm-F&o * A — ^ ~> — h ( 3* 1 m m » :g £ 6 0 m 
m . Rtffi2 0mm) ^ C V D ^ t > A' - ft I: An , 1 0 " 3 m t o r r ^Tig 
U fc o 9 7 %^i&^3 %V7> (S i H < ) j&*&&*iffB#;iSfX&, 

HTCVDf t>/t-ft(:iAUf: 0 £<DfJffi#:;tfX£:3 0 0 crn 3 
6T«|&b, J£^£400mtor r Ci^l^ 0 CD * fi^£6 0 0T;£T 
± # S * , £<Bfi*T5B*|HJ«E?Lfc. ^r-f*<o*aic«k0*i;fc*/1-;i/tt» 
© a ft * *n a , 3 % t & o #»i:»^*ffiii:*5^T'r*o 
fc ) a z<d* A-)], zs- h <d Htm ^-f*rt**/t — ;PK»£#fc*«L 

f: u t i& ^ L T ^ (K»©9*i##*fil:*fil/T^fci J; D, f£ W 
K 7* S n ) o s EMI8[^?»©IS^ tt, * - ;m ?L ft m 

ft SB Kr £> 0 , n IB *t SB , /t-3l/-hSnTl^^tf^8T8 5:t^t>^ 

^TSIb, tfc * W R a« /h 3 < . ■fe^^Ata-f ^>^*tifcir-f**lftff 
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<D n - t- ^ > /f <z) ^ -T n ^ T tl » tl « ft *> U ^ 0 Sr>f*fci:3i9«ftXW:J~7 ! - 

<f>y*stt-r*&ftfc ( - © m , jcj:?)^**!**^^^. x 

[ 0 0 8 7 ] 

H«« 1 6 

- ;i< a> £ * * ^ll/«7XttS$«&*l|S(01gl:o^THt5o # ^ x t*c 
KSEgt/WJWi, ^jffi^J3tcta©^^ffiJcJ:^M3^Lxfco ^7Xt^Si^g 
lfrS*^tJH:An, u n H ^ 7 H ^ ^ ( B i : 5 0%, P b : 
25%, Sn: 12. 5%, Cd: 12. 5%C7)^^) £>Jft*£r^;£%L, 
ijtl/fc. Sgt/t-iKO^gO^Itt, *>-J**>&*BET<0. 1-3 k b a 
r) T 1 - 3 0 # W * A^t;^»*fiDlBjS[STlDibTfTofe. ¥ « tt JB T © 

$n^o Bi aotfiUKifXii, K6*/^-^v h y y * 3*ic»iSft 

T » ^M'JW (orderd) &JRa»fle©TJBSrHl 3T»«l:15: ttfTSS. 

[ 0 0 8 8 ] 
gU5%ffJ 1 7 

c: cd ^ m t tt , (iai4) <d m m. \z ^> n 

6x6X8mm 3 ) £ , Ii9mm(DXf>^XlSy'J>^-(:t*n7t20 
->i0)B I («| 9 9. 9 9 9 %, Al fa Aesar^^A?) 

Tfiil^o fcf* L) >^—§JE3g&ffi^T* dCDf/U > ^ - £ , 8-1 
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